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Device for changing the polarization state of reflected, 
transmitted and diffracted light, and for achieving 
frequency and polarization sensitive transmission, reflection 
and absorption. 

Background and Introduction 

Optical structures artificially engineered on a mesoscopic level such as photonic 
bandgap crystals [1], p^odically altered dielectric materials [2,3], holey fibers [4], 
microsculptured films [5] and composite media [6] are attracting tremendous attention 
because of their potential importance in optoelectronic technologies. They are 
collectively known as "metamaterials". 

Layered metallic microstructures could play a special role in future technology, as 
they can be manufactured on a sub-optical wavelength scale using both well- 
established microelectronics technologies [11,12], and other non-traditional 
techniques [13]. To date, however, research on layered chiral metallic microstructures 
has been confined to theoretical analysis with only a few ejqperiments having been 
performed in the micrnwa ye range of frequencies. In particular, designs based on 
metallic non-chiral planar split ring resonators have been shown to exhibit frequency 
regions with simultaneoxisly negative magnetic and electric permittivities as well as 
other intriguing and xiseful electromagnetic characteristics [9,10]. 

Our invention is relevant to a new group of layered planar and quasi-planar 
metamaterials based on tbiiii and semi-chiral stractures. Although planar and quasi 
planar structures have been described in theoretical literature, mainly in respect of 
their properties in the microwave, their potential as optical materials has not been 
fully e^lored. 

What are planar chiral structures? By definition, two planar chiral objects of different 
chirality cannot be brought into congmence, unless they are lifted out of the plane by 
rotating by 180^ about an axis in the plane of the structure [14]. Ganraias, S-shapes, 
spirals, gammadia and triskella are examples of such objects. 

To the best of our knowledge, no manifestation of optical properties of such 
structurwes has been reported so far. This has never been confirmed experimentally. 

In our particular implementation, gold semi-planar chiral structures were 
manufectured on silicon substrates using a combination of direct- write electron beam 
lithography and either ion beam milling or a lift-off process. We have manufactured 
two-dimensional gratings consisting of regular square patterns of gammadions or anti- 
gammadions. We have studied a range of gratings with different pitches, containing 
gammadions of various characteristic sizes ranging from 700 nm to 4 fim, and 
different senses of chirality as illustrated on fig.l. A typical grating has an area of 
approximately 1.0 x 1.0 mm^ with a density of gammadions of between 6x10^ cm'^ 
and 6x10^ cm"^ 




Fig 1 Optical micrographs oftwo-dimensional gratings of(a) left and (b) 
right handed gammadia. In both cases the grating pitch is 5 (xm. 



Polarization state of diflBracted beams 




Fig 2 Polarization azimuth rotation of Hght difltacted from a chiral gratmg. 
Only one row of diffracted beams (in the plane of incidence) is depicted for 
simplicity of presentation. The angles of rotation given are for ganHMdion 
grating with pitch of 5 iixa and characteristic size of the gammadia of 2 pm. 



These gratings show a weU-defined rectangular diffraction pattern as illustrated m 
fig.2. The polarization properties of the diffracted waves have been mvestigated at a 
Wength of 632 nm for S and P polarizations at a 60^ angle mcide^e _^e 
polarization state of the diffracted beams was found to be different from ^^of^l 
Lident beam. In general the diffiacted beams become eUipticaUy poknzed and the 
polarization azimuth rotates. Rotations in excess of 30° were seen. It should be noted 
tiiat for S and P incident polarizations no polarization change is expected on reflection 
from an isotropic unstructiired interface. For a given 'i^^^^^^^^l^^' ^^^^'^^ 
azimuth rotation was found to have opposite sign for sanqiles, that only differ m their 
handedness. On the same sample different diffraction orders show different 
polarization azimuth rotation, as illustrated in fig.2. 
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The polarization effect is so strong that when iUuminated vath bnearly VO^^dh^ 
and observed in a polarization sensitive reflective microscope through a circular 
^Lter!^ey showed colours, which were distinctively different for samples of 
opposite chirsJity (see fig.3). 




Fig 3 Colours ofdifferentchiralsan^les illuminated with linearly polarized Ught 
and observed in a polarization sensitive reflective microscope through a circular 
polarizer, they showed colours, which were distinctively d^erent for samples of 
different chirality. Chirality changes progressively from left to nght. 

We beUeve that these strong polarization effects resij from the chiraUty i^osed by 
&e patterns of gammadions enhanced by plasmon effects due to the nanostructurmg 
of the metal film in which they are cut 

mese planar chiral gratings represent a new class <>^^'f'''''^J'^^^^^^ 
manufacture using modem micro-febrication techmques Ttey promise new 
SStio^, as they should manifest unique and intriguing properties such as 
dffierent si^is of polarization rotation when aiuminated from opposite sides of the 
grating. 

ms ^pUcations, together with manufectuiing techniques constitute the body of our 
claims. 
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principle of nonrecipiocal divice based on planar or layerd 




Examples of planar chiral (a-d) and bilayered chiral (e) elements a)gamnia, b)gammatta, c) chiral split-ring 
d) ganunadion and e) bilayered element 
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Elements can be arranged regular patterns of difG^ent symmetries. 




Examples of fractal chiral designs 



Definitioiis: 



a) A planar object is said to be chiral in two dimensions (ie is said to be to be a planar 
chiral element) if it cannot be brought into congruence with its mirror image (where 
the mirror is placed perpendicular to the plane of the object) by subjecting it to only a 
series of one or more lateral or rotational movements within the plane, but can only be 
brought into congruence with its mirror image if it is also rotated by ISO^ about an 
axis in the plane. 

b) A multi-layer arrangement of planar elements is said to be chiral if it cannot be 
brought into congruence with its mirror image (where the mirror is placed 
perpendicular to a plane paraUel to layers of the object) by subjecting it to only a 
series of one or more lateral or rotational movements within the plane of the multi- 
layer object, but can only be brought into congruence with its mirror image if it is also 
rotated by 180° about an axis in the plane. 

c) Optical radiation is electromagnetic radiation with a wavelength in the range 
lOOjom to 10000 nnoL 



Device for changing the polarization state of reflected, J'^^mitted and 
diffracted Ught, and for achieving frequency and polanzation sensitive 
transmission, reflection and diffraction. 

1 A device con:5)rising of a single planar chiral element, or of a sheet containing 
pl^ chiral elements or multi-layered arrangements of planar chiral elemente 
S^e arranged or tiled in regular, irregular or fractal patterns, and made of a 
Serial with electromagnetic properties different from those of the supportog 
Sstrate or/and materials in which these elements are ^^^J^^^^f^^^.^^ 
with characteristic size of these elements being 

Ses the wavelength of optical radiation, and which is used to change the 
^S^rLte of reflected, transmitted and/or dif&acted light at the said 
^velength, or/and which is used to act as a frequency and/or polarization 
sensitivTscreen. reflector or absorber of Ught at the said wavelength. 

2. Adevicedescribediu claim 1 wHch is used to change the pola^^^^^^ 

transmitted, diffiacted or reflected Ught in a nonreciprocal fashion, or which is 
used to act as a nonreciprocal frequency and polarization sensitive screen, 
reflector or absorber of Ught. 
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3. A device described in claim 1 which acts as a polarizer for preparing the 
polarization state of incident light on a device that discriminates accordmg to 
the polarization state and acts a non-reciprocal frequency and polarization 
sensitive screen, reflector or absorber of light. 

4. A device containing a structure described in claim 1, 2 or 3 in which light is 
coupled or de-coupled via an optical wave-guide, fibre or near-field probe. 

5. A device described in claim 1 in which fimctionaHty is enhanced by the affect 
of said elements on the chiral properties of the supporting substrate or/and 
material in which these elements are immersed. 

6. A device described in claim 1 in which functionaUty is enhanced by the affect 
of collective excitation of carriers (for example, plasmons) in said elements or 
in the supporting substrate or/and material in which these elements are 
immersed. 

7. A device described in claim 1 which is ready to change the perceived colours 
of Kght transmitted, diffracted or reflected from it when observed via a 
polarization-sensitive element. 

8. A device described in claims 1 where the chiral elements are arranged such 
that diffracted beams converge or diverge to or from a polarization state and/or 
wavelength dependent focal point to form a polarization state and/or 
wavelength sensitive energy concentrator of de-concentrator. 

9. A device described in claims 1 used for the multiplexing and/or de- 
multiplexing of optical signals by differentiating them by the direction of 
propagation, wavelength or/and polarization state. 

10. A device described in claims 1, 2 and 3 used for enforcing nonrecq)rocal 
operation of an optical communication line or laser, or, for protection of 
optical elements and components from unwanted radiation ejqiosure. 

11. A device described in claim 1 used for hidden or secret coding of information 
with said coding being implemented in the conaposition of elements. 

12. A device described in claim 1 vMch is incorporated into a photonic bandgap 
crystal, or which is placed at the end of optical fibre or placed on a planar 
structure used for routing and/or processing optical signals. 

13. A device described in claim 1 that by incorporating piezoelectric, electro- 
optic, magneto-optic, photo-acoustic or electro-acoustic materials allow the 
tuning of polarization state and/or wavelength of transmitted, reflected and/or 
diffracted light. 

14. A device described in claim 1 whose ftmctionality is enhanced by 
incorporation of a tunnel junction (Josephson, semiconductor, Schottky, 
metal/oxide/semiconductor) within or between chiral elements. 
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15. A device described in claim 1 that incorporates Josephson tunnel junctions 
between superconducting materials for use as polarization sensitive photon or 
single photon detectors. 

1 6 A device such as a pn-junction or other photodetector incorporating any 

structure described in claim 1 to modify the polarization state, direction and/or 
wavelength detected. 

17. A device such as a pn-junction or other photoemitter incorporating any 
structure, described in claims 1 to modify the polarization state, direction 
and/or wavelength emitted. 

1 8 A device that makes use of arrays of devices described in claims 16 and 17, 
that might include focal plane polarization imagers, spectrometers and variable 
light sources. 

19. A device described in claims 1 that can promote or inhibit chemical reactions 
for a given chiralify and/or activation energy. 

20. A device described in claim 19 where the chiral elements are formed from 
catalytic materials. 

21. A device described in claims 1 where the chiral elements are arranged such 
that diffracted beams converge or diverge to form a polarization and/or 
wavelength dependent holograiranatic image. 

22 A device described in 1 in which the chiral elements are formed by an 
elemental metal or any alloy of elemental metals or any combination of 
elemental metals or alloys of elemental metals, or formed by holes m layers ot 
elemental metal or any aUoy of elemental metals or any combmation of 
elemental metals or alloys of elemental metals. 

23 A device described in 1 in which the chiral elements are formed of a dielectric 
or a semiconductor material, or by holes in a dielectric or a semiconductor 
materiaL 

24 Manufecturing process for a device described in any of the claims l.to 23 in 
which some or all of the chiral elements consist of a metallic material or one 
or more chiral shaped holes in a layer of metalUc material, and characterized 
in that the manufecturitng process includes, but is not limited to, the foUowmg 

process steps: ^ 

a. deposition of a conductiag metal fihn directly onto the supporting 

material or substrate; 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 

metal film; , 
c selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 

or electrons; , , **t. 

d removal ofeither the irradiated or the un-irradiated part ot the 

photosensitive resin, polymer or resist layer by exposing all or part of 
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the layer to a suitable chemical solvent that dissolves only the 

irradiated or the un-irradiated part of the photosensitive resin, polymer 

or resist layer to create a chirally patterned layer of photosensitive 

resin, polymer or resist; 
e. removal of the part of the metallic fikn left uncovered by the chiraUy 

patterned layer of photosensitive resin, polymer or resist by use of a 

milling or etching process; 
f removal of the remaining chiraUy patterned layer of photosensitive 

resin, polymer or resist. 

25. Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a metallic material or one 
or more chiral shaped holes in a layer of metallic material, and characterized 
in that the manujEacturing process includes, but is not hmited to, the following 

process steps: x *t. 

a. deposition of a layer of photosensitive resin, polymer or resist onto the 
supporting material or substrate; 

b. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

c. removal of either the irradiated or the un-irradiated part of the 
photosensitive resin, polymer or resist layer by e3q)Osing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resm, polymer or resist; 

d. deposition of a conducting metal fihn directly onto the chirafly 
patterned layer of photosensitive resin, polymer or resist; 

e. removal of the metal on top of the remaining chirally patterned layer of 
photosensitive resin, polymer or resist by the use of a 'lift-ofF process 
where the metal on top of the chiraUy patterned layer of photosensitive 
resin, polymer or resist is removed by dissolving the chirally patterned 
layer of photosensitive resin, polymer or resist in a suitable chemical 
solvent, thereby causing tiie metal on top of it to diffuse away from the 
sur&ce of the supporting layer. 

26. Manufecturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a metaUic material or one 
or more chiral shaped holes in a layer of metalHc material, and characterized 
in that the manufacturing process mcludes, but is not limited to, the followmg 
process steps: 

a. deposition of a conductmg metal fihn directly onto the supportmg 
material or substrate; 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 

metal filn^ 

c. selective irradiation of part of the photosensitive resm, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

d. removal of either the irradiated or the un-irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
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the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosen^ve resm, polymer 
resist layer to create a chirally patterned layer of photosensitive 

e. S^sS'^'eSStii^ofadd^^^^ 

onto the parts of the metal fflm not covered by the chirally patterned 

laverofphotosensitive resin, polymer or resist; 
f J^Lvalofthe remaining chiraUy patterned layer of photosensitive 

g Jl^rSe^Xmemetamcfihnleftcover^ 

patterned layer of photosensitive resin, polymer or resist by use of a 
milling or etching process, 

27 Manufecturing process for a device described in any of the claims 1 to 23 in 
S^o^^? all of the chiral elements consist of a dielectric material or one 
„ cM shaped holes in a layer of didectric n^tenal -d c^n^d 
in that the manufacturing process includes, but is not hmited to, the followmg 

""T'd^Sition of one or more layers of dielectric insulator directly onto the 

b. ^fo^SoTaS^^o^^^^ 

laver of deposited dielectric; , 
c selective iiradiation of part of the photosensitive resin, polymer or 

rSt by ^e use of elecLmagnetic radiation or beams of ions or atoms 

or electrons; - ^ ^4.u 

d. removal ofeither the irradiated or the un-irradiated part of the 

prto^nsitiveresin.polymerorresistlayerbye^^^^ 

Sie laver to a suitable chemical solvent that dissolves only tiie 

SSd or the un-irradiated part ofthephotose^^^^^^^ 

or resist layer to create a chirally patterned layer of photosensitive 

e SSrS^Xfiedielectricfihnleftuncove^ 

^^^d layer ofphotosensitive resin, polymer or resist by use of a 

milling or etching process; ^.^^^^ti^,. 
f ^ovalofthe remaining chirally patterned layer of photosensitive 

resin, polymer or resist. 

98 Manufecturing process for a device described in any of the claims 1 to 23 in 
^^Z7r S of the chiral elements co^ist of a ~<i-?°^X 
or more chiral shaped holes in a layer of semiconductor materia^^^^^ 
c^r^d in that the manufacturing process includes, but is not hmited to. 

f °d^S:?oror more layers of semiconductor directly onto the 

• b. S-oTe:ia^r^^^^^^^^^ 

laver of deposited semiconductor; . , ' 

c selective irradiation of part of the photosensitive resin. PJ^?^^ f 
resS by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 



d. removal of either the irradiated or the vm-irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the mi-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 

e. removal of the part of the semiconductor layer left uncovered by the 
chirally patterned layer of photosensitive resin, polymer or resist by 
use of a milling or etching process; 

f removal of the remaining chirally patterned layer of photosensitive 
resin, polymer or resist. 

29. Manufecturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a semiconductor material or 
one or more chiral shaped holes in a layer of semiconductor material, and 
characterized in that the manufacturing process includes, but is not limited to, 
the following process steps: 

a. deposition of one or more layers of dielectric insulator directly onto the 
supporting material or substrate; 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 
layer of deposited dielectric; 

c. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

d- removal of either the irradiated or the un-irradiated part of the 

photosensitive resin, polymer or resist layer by exposing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 

e. removal of the part of the dielectric fihn left uncovered by the chirally 
patterned layer of photosensitive resia, polymer or resist by use of a 
milling or etching process; 

f removal of the remaining chirally pattemed layer of photosensitive 
resin, polymer or resist. 

g. selective deposition of one or more layers of semiconductor directly 
onto the parts of the supporting material or substrate not covered by 
chirally pattemed dielectric. 

30. Manufacturing process described in claims 28 and 29 characterized in that the 
deposition of the semiconductor material is by an epitaxial growth process. 

31. Manufacturing process described in claims 28 and 29 characterized in that the 
deposition of the semiconductor material is by an non-epitaxial growth process 
such that the deposited semiconductor layer is polycrystalline or amorphous. 

32. Manufacturing process described in claim 30 characterized in that the epitaxial 
growth process consists of, but is not limited to, the one or more of the 
following process steps: 
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a. epitaxial growth, of a doped or undoped semiconducting material onto a 
crystalline substrate or previously grown epitaxial layer of the same 
semiconductor material (homo-epitaxy); 

b. epitaxial growth of a doped or undoped semiconducting material onto a 
crystalline substrate or previously grown epitaxial of a different 
semiconductor material (hetero-epitaxy) to form a heterojunction; 

c. epitaxial growth of a doped or undoped semiconducting material onto a 
crystalline substrate or previously grown epitaxial layer of the same 
material or different material, and of a different doping concentration 
or type; 

d. epitaxial growth of a doped semiconducting material onto a crystalline 
substrate or previously grown epitaxial layer of the same material or 
different material, and of a different doping type to form a pn-junction; 

e. epitaxial growth of layers of doped and undoped semiconducting 
material onto a crystalline substrate or previously grown epitaxial layer 
of the same material or different material, and of a different doping 
type to form a pin-junction; 

£ selective epitaxial growth of an epitaxial semiconducting material with 
or without doping impurities onto a crystalline substrate or previously 
grown epitaxial layer of the same material (homo-epitaxy) and/or 
doping type or concentration, or of a different material (hetero-epitaxy) 
that has been masked with a pattemed and where the epitaxial growth 
only occurs on the parts of the substrate where the masking layer is 
absent or has been removed prior to growth. 

33. Manufecturing process for a device desaribed in any of the claims 1 to 23 
characterized in that it includes the deposition of an electrically insulating 
layer or dielectric layer or piezoelectric layer or ferromagnetic layer or 
ferroelectric layer below or above or between any layer or layers of chiral 
shaped elements. 

34. Jifenufacturing process described in any of the claims 24 and 26 to 29 
characterized in that it includes, but is not limited to, one or more of the 
following etching stages: 

a. removal of metallic or semiconductor or dielectric material using 
solutions containing acids or alkalis or oxidizing reagents; 

b. removal of metallic or semiconductor or dielectric material using 
ionized plasmas; 

c. removal of metaJlic or semiconductor or dielectric material using ion 
beam milling where the naaterial to be removed is bombarded by a 
beam of atoms or ions or molecules. 

35. Manufecturing process for a device described in any of the claims 1 to 23 
characterized in that it includes, but is not Unoited to, one or more of the 
following process stages: 

a. formation of ohmic contacts to chiral shaped semiconductor elements; 

b. formation of optically transparent ohmic contacts to chiral shaped 
semiconductor elements; 

c. formation of optically transparent ohmic contacts of indixmoi/tin oxide 
to chiral shaped semiconductor elements. 




46. Manufacturing process described ia any of the claims 36 to 43 in which the 
cleaning stage involves the use of ion beam bombardment of the surfece or the 
exposure of the svirface to ionic plasmas. 

47. Manufecturing process described in any of the claims 36 to 43 in which the 
cleaning stage involves the use of a plasma generated by the excitation of 
oxygen molecules using a radio frequency (r.f ) electromagnetic field. 

48. Manufacturing process described in any of the claims 24 to 33 characterized in 
that the electrically conducting metallic layer is ferromagnetic, ferroelectric, 
piezoelectric or superconducting. 

49. Manufecturing process described in any of the claims 24 to 29 characterized in 
that the irradiation of the photosensitive resin, polymer or resist layer is 
performed by exposing the said layer to either a beam of electromagnetic 
radiation of any wavelength less than 8000 mn, or by bombardment by a beam 
of ions or atoms or electrons. 

50. Manufacturing process described in claim 49 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is focused 
onto the substrate to form a sharp point at the surfece of the photosensitive 
resin, polymer or resist layer. 

51. Manufecturing process described in claim 50 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is deflected to 
different points on the surface of the photosensitive resin, polymer or resist 
layer thereby exposing only selected areas. 

52. Manufacturing process described in claim 49 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is incident on 
the surface of the photosensitive resin, polymer or resist layer only where it 
has passed through the transparent regions of a mask thereby e?q30sing only 
selected areas. 

53. Manufecturing process for a device described in any of the claims 1 to 23 
characterized in that it includes, but is not limited to, one or more of the 
following process stages in any order: 

a. cleaning of the supporting material or substrate; 

b. deposition of a conducting metal film; 

c. deposition of epitaxial or polycrystalline or amorphous semiconductor 
layers; 

d. deposition of dielectric layers; 

e. deposition onto the supporting material or substrate or the deposited 
metal film, a layer of photosensitive resin, polymer or resist by thermal 
evaporation of a metal or metal alloy in vacuum, or by a sputtering 
technique, or by electroplating; 

f irradiation of part of the photosensitive resin, polymer or resist by the 
use of electromagnetic radiation such as visible light, ultraviolet light, 
infra-red light, microwaves. X-rays or gamma rays through a mask; 
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g. irradiation of part of the photosensitive resin, polymer or resist by the 
use of paiticle radiation such as beams of energetic electrons, protons, 
neutrons, atoms, molecules or other particles of matter; 

h. selective removal or development of the exposed or unexposed areas of 
the photosensitive resin, polymer or resist layer by dissolving the 
photosensitive resin, polymer or resist in a solvent or liquid to form a 
patterned masking layer in which shapes of a chiral nature are formed; 

L patterning of a layer resin, polymer or resist using a printing, 
imprinting or embossing technique; 

j. the removal of the unmasked metal materisd; 

k. the removal of the remaining photosensitive resist or resin; 

L deposition of a conducting metal film onto the chirally patterned 
photosensitive resin, polymer or resist layer followed by the removal 
of the remaining photosensitive resist or resin by dissolving in a 
solvent (the lift-off process) to leave only the metal in the holes in the 
photosensitive resist or resin in contact with the substrate; 

m, growth of insulating layers on a semiconductor support or substrate by 
high temperature oxidation in an atmosphere containing oxygen and/or 
water; 

iL deposition of crystalline or polycrystalline or amorphous 

semiconducting films by a chemical reaction vapour deposition 
technique; 



1 n 




A is a device described in claim 1 

Incident light (B) has its polarisation state changed when transmitted (C) reflected (D) or 
difBracted (E). The polarisation state and intensity at (C),(D) and (E) is dependent on the 
wavelength, polarization state and intensity at (B) and nature of A 



2) 




If device A and its mirror image (B) are presented to the same incident light (C). The 
polarisation state and intensity at (D) is different That is to say, the device acts in a non- 
reciprocal fashion 




Device A acts a polariser to change the polarisation state of incident hght (B) to prepare the 
light for a device that discriminates according 1x> the polarization state and ^^^^ 
recipiocal frequency and polarization sensitive screen, reflect^or absorber of hght. The 
devke may act on transmitted (1), reflected (O) or diffiacted (HI) hght 



4) 




A device A vdfh which Hght is coupled (B) or de-coupled (C) via an optical wave-guide (T), 
fibre (JJ) or near-field probe (TQ). 




c 

ran 



The material liie makes up the chiral elements of the device described in 1 (A), or the 
supporting (B) or surrounding materials (B)(C) can also be chiral giving rise to enhanced 
functionality similar to Ihose described in (1). 



6) 



nri ^""^ 



The material the makes up the chiral elements of the device described in 1 (A), or the 
supporting (B) or surrounding materials (B)(C) can contain carriers (plasmons, electrons, 
excitons, polaritons. , ,) giving rise to enlaced functionalities similar to those described in 
(1-3). 




Device (A) can lead to different coloxirs being observed v^en transmitted (B) or reflected (C) 
light is viewed through a polarizing element 



8) 




Special arrangements of chiral elements in a device (A) can lead to spafaalpomts mtiie far- 
field (B,C). The polarization state, wavelengtli and intensity of reflected (P) transmitted (C) 
spatial points can be dependent on the wavelength, polarization state and mtensity at (A) and 
nature of A 



r 





Device (A) can multiplex (I) signal beams (B) to a single beam (C) or de-mnltiplex (It) a 
beam (D), separating photons according to wavelength, polarization state or direction of 
propagation (E). 



10) 




in 



if- 



Device (A) can act in non-reciprocal fashion to transmit wanted light (B) while preventing the 
transmission of unwanted light (C) from optical communication lines (I) or lasers (H) 



c 




(0 




A smaU device (A), with small features can contain elements airanged m such a way as to 
conS^ informatioi indicated by the intensity or polarization state of dif&acted beams(C) 
when an incident beam (B) is reflected (I) or transmitted (II). 



12) 





(0 




IE? 



0«) 




Device fA) incorporated into a photonic bandgap crystal (I), placed at the end of an optical 
S ^ or on a planar Lcture on). Incident ligte 

its polarization state changed (C). 




For example vs*ien two layers of a bi-layered chiral structure are separated by piezoelectric 
layer then all effects achieved by claim 1 can be tuned for different polarisation state changes 
and wavelength dependence. 



16) 




C 



Device (A) effects the components of incident light (B) that reaches the photodetector (C) 




Device (A) effects the spectral distribution and polarization of emitted light (B) 




Arrays 6f photodetectors (I) or light emitters (II) as described in 1 6 and 17. Each 
photodetector or emitter can have different response by changing nattire of chirai elements, 
all chirai elements can be created simultaneously. 







m 
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Cross-sectional view of the manufecturing process in claims 24,27 and 28 where A is the 
substrate material, B is the layer of deposited metal or semiconductor or dielecbic, C is the 
layer of photosensitive resin, polymer or resist, D is the beam of electromagnetic radiation or 
ions or atoms or electrons, E is the area or areas of photosensitive resrn, po ymer or resi^ that 
are exposed by the beam of electromagnetic radiation or ions or atoms or electrons. F is the 
resulting layer of photosensitive resin, polymer or resist that is now patterned wiA a chMl 
pattern, and G is the chirally patterned layer of metal or semiconductor or dielectric tiiatis 
left after the unwanted metal or semiconductor or dielectric has been etched or milled away. 






Cross-sectional view of tiie manufacturing process in claim 25 where A is the substrate 
material, B is the layer of photosensitive resin, polymer or resist, C is the beam of 
electromagnetic radiation or ions or atoms or electrons, D is the area or areas of 
photosensitive resin, polymCT or resist that are exposed by the beam of electromagnetic 
radiation or ions or atoms or electrons, E is the resulting layer of photosensitive resin, 
polymer or resist that is now patterned with a chiral pattern, F is the layer of deposited metal 
or semiconductor or dielectric, and G is the chkally patterned layer of metal or semiconductor 
or dielectric that is left after the remaining photosensitive resin, polymCT or resist is dissolved 
away in a lift-off process that removes the unwanted metal or semiconductor or dielectric 
material that is on top of the photosensitive resin, polymer or resist 




Cross-sectional view of the manufacturing process in claim 26 where A is the substrate 
material, B is the layer of deposited metal, C is the layer of photosensitive resin, polymer or 
resist, D is the area or areas of photosensitive resin, polymer or resist that are exposed by the 
beam of electromagnetic radiation or ions or atoms or electrons, E is the beam of 
electromagnetic radiation or ions or atoms or electrons, F is the resulting layer of 
photosensitive resin, polymer or resist that is now patterned with a chiral pattern, G is the 
metal that is deposited by electroplating only on the exposed layer of initial metal, and H is 
the chirally patterned layer of metal that is left after the imwanted metal has been etched or 
milled away. 




Cross-sectional view of the maniifectuiiiig process in claim 29 where A is the semiconductor 
substrate material, B is the layer of dielectric that has been deposited or grown by oxidation, 
C is the layer of photosensitive resin, polymer or resist, D is the beam of electromagnetic 
radiation or ions or atoms or electrons, E is the area or areas of photosensitive resin, polymer 
or resist tiiat are exposed by the beam of electromagnetic radiation or ions or atoms or 
electrons, F is the resulting layer of photosensitive resin, polymer or resist that is now 
patterned with a chiral pattern, G is the chirally patterned layer of dielectric that is left after 
the xmwanted dielectric has been etched or milled away, and H is the region selectively grown 
epitaxial crystalline semiconductor that is grown on the e3q)osed regions of semiconductor 
substrate to form chiral semiconductor elements. 
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